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Tk petfomunec of a myoEardki wgment is influenced by its 
contractile state and rcgknal !.oading conditions: the latter k 
~de~byiukta*ionwithadjaoentyld~ng 
sqmenb (1). This intemction between opposing segments is 
best Iilttstratcd dutkg regionai ischemin when is~~oiumic 
kngthcnittg in the isckmk region is accompanied by kwok- 
mk shortening in the nonkhcmk region. This inunwmricuiar 
mcchmdcai itttuactiun. thought to cause rcgknal afterlead 
redwtion. bar been poposed to be one of Ihe mecbnnisms for 
lbe inaased sbatcning end thickening in the nanieshcmic 
mgktt (Z-6). b addition. iweased shortening in tk nonisch- 
cmk region has been shcwt to carckte with the kcmase in 
cndJkstoiic kngth, a mmPznsation utilkkg the FIT&- 
Stnriing mechanism (74). Becaux simpk measures of skxt- 
eniag nnd thiikening in the nonischemic region are ItMy to be 
r&d by tk afo&entkned loading c&ditiong we &bed 
lo establish to what extent meawes of regirmal wrfonnmtce, 
rektionr. wdd ix &ted by regi&i k&mia and whether, 
in terms of these rriations. di4ercncg exist in the respo~ of 
the nonischemic regkn depmiing on the site of issbemk. 
Methodg 
Surcitll MMUOII. llte extwimettts cmtdttcted con- 
fonttea to tie &tab (Scientifl~ Pmeedures) Act of i9ffl 
ltJnited Kkabm). ~-mcn adult beak dops of either 
&der &g-&g is.5 to b kg were d&J. A&tak were 
prcmedicated with 0.1 mg& body weight of morphine sulfate 
and anesthetized with I5 to 20 mg/kg of pentobarbital. The 
methodology of the open chest studies has ken described 
previously (I). Brkfly. the dogs wem anesthetized with 1.0% b 
1.2% halothanc in a mixbne 0133% oxygen in nitmgcn with 
stdticicnt carbon dioxide to maintain nomtocmbia. The ktl 
common carotid artery was isokt& and a sdt7 SF cannula, 
camcctcd to B Druck (Dmk Lb% Grchy, Leicester, E@nd) 
pre3slt~tknsdU~r,~ptlkedtClWlthht1RttCdtheaortic 
valve.AfteraIeftt Y~~~~gfth 
lokramkl m an up- &cd ekctromcgnetic Sow 
tlxMhD?r (Tt.an&w 601. Shalar Medical, Dcl& IioSand) 
atkchcd la a fkwoutcr (Sm. m S E Mcdlcr+ Rltimm, 
E@and)wsipl~damundtbepmxhnalaorktoobkhtllow. 
Aldghtkicliim’ lerrrmaoometer (Konigabag P-7~ and a stl6 
BP pul@elcoe catheter @rku) wcrc insutkd tbmugb tbc 
same apical hole and @aced ln the kft vettulatkr &amber, 
thclatkrtoobklnuemrckrcncepressureaodtocaSbraktbc 
mieromanomckr.PaclrylcadsmresewotoUtelcftahium. 
atd tbe heart was prccd just abwc Its lntrkclc slnuc rak. The 
r@t femoral vein w~li lsolakd ln the groin, and a 12F FolQ 
cathekrwltha4-mlhailwnwaaadwmcuduptklnktiorvam 
cwatotbekvcloftbebepatC~nr.The~~oltbe 
‘oallonn was chechcd later by cnsttt+ng that baliuoo lulIatlw 
was asccclakd with a grndual end ai@cant decrew 
(~Z!itllutHg)lttaClttkpkstlUc” 
Aaelqtteatoftheleftankrlordcscc&qcomnqatkQ, 
twallyd&ltothe6rstkrgcdkgonalbrat&andasc6tnmt 
ofthelet?cimomlkxcomonyartaynearltcorigln,and 
pmximaltothalimttuqlnalbraoch,wcredikcckdfrcefrom 
theepkardiutuArmnrwaspc&mredamuttdeaeharkQfcu 
ahruptocelualons.P..gkutairlr~~lalfunetkowcnmeasukd 
with picm&tric sugmentul ength and thicktess crpzkls 
(Triton Teclmologicc). ti pain of ayttub wmu pbiccd for 
the tKM4Ncmcm of abm&wudirl kng h. OIX pair was 
placed-ltolJem~inthcrrpicalrogion,~r 
to tltc long alla and in the amn&cutiai dhcetkn of tbc 
~hwp8dsvahinthepc~ionbedofdrcmidto 
pmsimal left anterior dewndhtg artery. The aeeond pair was 
placudinthepcukmapicalregionwlthintbcperfwknMof 
the left elreum6eu arky. In 1 w anether two p&s of 
ctystlwcreimplankdlnthccameareasactmsthebcawall 
for measurement ofwall thk&ra 
Data aqnhdtko attd skudard tee. Dak 
were aquircd on a Macktorb Ih oxttpukr (Apple Inu) wltb 
a 12&t walogtil ecuwcrkr (NBMlCI6 board, Na- 
donal Instrumenk) at a aaqlhtg fnqucnq of 500 Hz. Ettd- 
dlaskk ww de&d asbc~hmkg at the first pmitbu ddkctkn 
of tho peuithc Stst darivativa of kh ventrlcuiar prcuwc 
(+dP/dt] and cttd+jectien as the tlttte when the aertlc &VW 
clgmd returned to rem flew. Using thcsc daSuitiin& the 
following tnFwdlal segmettkl IettgtI~ were mwaure& end. 
diastolic length and thkhucss @DL EDI) turd eodqtolk 
length aud tbiehncus (II& EST), Systolll shortcniag (SS) end 
thiehening(Sf)wetecxpremdrfdbw%SS~(EDL- 
EsLysbL x IW, % Sf = (-EST - EDT&LQ x ltlli. 
Mcaawoments wclc digiticed and tturmalised to an lttltkl 
eod&stolic length or a thlchnek of 10 nun to mom euslly 
assek the perceot chuuge in dimmslons. 
IwQskllcpwuwku@aud~duta 
cdkdlok Pre=cJangtb and ptckure-thlckttess dutr were 
used for tbe alnshuetion of the eu&Qstollc prcusute.I* 
and prrssmsthiehaea relatium aud wrc cbtaitted fmm ser- 
emlcardiacqulcsa5tbckftventrleularprekttkdektksed 
duriqveaacsvaballoonbtSatlon. Rcq4taticmvmsswpendcd 
fWhcduratioooftbehulkooocdusion.Tonvoidatycbsngcs 
ln bawelkx actlvatlon (10). the data obklocd dkiug vma 
aRacocksknwerutboscrcardcdwlthktbuthst7sofa 
docrease tu loft vantricular prccsuto. For tbc coocnwuoo 
canrtnaedfWJttt6rO12bclts,aadthe 
likpesn#cCkrlVedby~rc$k&naoZllYMandthe 
inkrcqtswmpukdbyeutrqMkn.Altltougbtbealuposand 
inkrcepts UmtpletdY de6ue tbc lkdqt& prekur&ngtb 
audp~ss~tocalcuiaktbeltt~uu 
DJanpolnioadatleustXitoSOnunHgkroquircd.To 
mmparcchpnBerlndbnc&ntaovera~ptwturoraogr, 
tbcla@handtld&kkatnldtnntrieulurprckured 
73mmHgmnc&ulakdfrontthc&$eandktRceptof 
tbukraktimk 
~emtoed.~~tkd=~pre~ 
mtlcqr3lhnlnskIdSratknperindmuailwedbe&uc#w- 
tml mcusuroments wore recorded. Control ondqstollc 
pt==-kngaaodB toktkndakrcroob. 
kkcdibothtbokftankrkrdwadkgaudleft&eumtku 
regiomd0ing~cnvaacksim~imubmmdcr. 
eititerthekftautetinrdcdceutiingortbakfte&mSeu 
cumtkQatkQlsasoeehKkdfot~rrtle~dka 
mtddimen&umrwtdeti.Altksatuetitw,tte&bemie 
at@MicpseeM-kt@snutl~tbir&ekrektimduta 
v#cawuMicLuipgvmraua~lltsamoueQ~ 
siatwitstiKarelcnsedAfterr4s-mlttKuuetypl?rluLw 
alnndstwoknw~mulc.TltcahermteQuaatha 
oahnkdfcctat~andtbeu~ wslschk&d 
Attbaoodofdakcuwlo&tbese~tofdbrockdlcft 
mtterbcdkcundlttgclmmuQattutYwae~ht12dons 
w crmnulstcd. 
8ktistW~Tbcdatbatushownasmeanvahtcf 
SEM.Alldatawcanaivzudwitbwdeclaofvuriamnfor 
mpeakd meamrcc (14). &ltp&mB ihln a gmup wste 
dmubypalredtkstwitbaBonfummlcotrcctiooformultlpk 
IXIO@SW. lk, the statktical an@& was used to deter 
tuluewhuthurglvunvmlabkmr~umrrd~tkdlSerettt 
sta&sofeuehhtkQentknlp<0.05ituiintcdakthkol 
aig&mux. 
experiment so that ettd+Wic ptesuc tbiies data could 
nut be abtaincd. It became clear from the individual data plots 
that regional &hernia was ascciated with a spechtun of 
changes in the nonischemdc region. The end-systolic prwmw 
length relation exhibited vetfable de- of rigbhwd and 
dwmwd JbitIs and the mddysmlic pnswe-tbickwss rela- 
tion variable degrees of l&ward and dwmvmd shifts Barn- 
pks of thnc m sbawt in Figures I and 2 
and prersurc-thicknem &ions ~89 hi&w in tite Ietl ante& 
&sanding than in the left cinumilex region. but the d&r- 
livo.com~ made1 of repional lrcbemia. Normally, 
the heart maintains a circular end+.ystolic cmssgcdooal con- 
figuration from base m apex during ejecdm, and baau~ wall 
tbickncsa al end syrtote is neatly cimstant tedktly at soy @an 
~~nofIhcvcnP*le,thedinribuliondwdnwpabrek~ 
onilolm within each mSion of the heart (15,. whb K.Slmml 
*bank the eodqtolk m Is (10 -1 ctmd&, and 
this ietmdwa comihtabk mdkt iobrmogneit cd wdl slrem 
mid stmin. II is tbemfore remeeabk to postdate tbet tbe 
qxteddmemebt&4dkftwottikrhmctknwithatmSe 
k&mk area may, in edditioe to the bea of bsSe mees of 
fooctklml~klti%oe,kdoetocbaoSmioloadbqcoodi- 
To ckrtfv the e&c& ofrcnbmet ixhemk oe kh wntrkolm 
mgimally kchemic the b@tetk 
md-sy%olk volume ekstaoces, ao “ibchemk campmtment” 
m!d e “ooldrhemk compameot.- This made1 was rbnplihd 
me Lwigind dlanlter. Thus, when the prdoad is low aed 
eedqstolkpmmen?k~mm~thei~hemiccompmt- 
mat simply acmmm~ a large kactioe of tb-e vobmle 
dii by the oooiscbmdc compartment ie syxtdc. ?bk 
would make the total wjstolk venoiader ekctmxe lw. He+= 
ever,wbmttbewotrkkotmmtesiotbemorepb@oto@c 
premmzmo&tbztscbmnkereehr~r,eod*tmKewookl 
iocmesetotbeprdshemkmo&Oetbebskofthme 
ememptkos, tbc twoampartmcet model fwtber predkted 
mieed by the exteet of kckmir The omdel fitted tlm k&ted 
heart dete of Sony~wp et et. (t6) and the in viva r&v& of 
Wttk nod 03oorke (17) quite wdt. Heweves Abe extent of 
ischaekvuootdetmoioedintbestedybySeoqaweetat. 
(16). A IWE recent st@ ty I(re et at. (i& h dicb lhc 
isdmtcmamwglirm~nhowcdmltontyaItghtwudlt 
iothead.Fptalic prrruuwolvme rdatiin. but atm P de- 
cmmeiodlMllawitb~ueesofkrbemk.Tbemimw 
tigtomdeotmutmtedtbetiointkotoprrdiktieSariShG 
wudlbiiiothecltd-syaolii~lektim,ttte 
two&tttttcemo&iekopredkkdodffmsebckstmtee, 
psrtLuhrb~thcbrrcliaVelWIilKKCWd(l8).ThclNC. 
bWm+Mtlwdddtdti*into-ttbC~otkl 
bdl-ofn~~(1s),mldhmtcetbeiotloaR 
dtberiteolkcbemk(1~molckemqYtotbeiubemkn~ 
(ZO,Zl)~tbebctW&!45bl~diipmpilk5Witb 
re6koetkcbemk(22).Fomlermorr,itLmtekuto*t 
extmt,ueoy,eltemtklutotbe~~ 
cmt&ukdtotbechao~ithemechmtkdkbwioroftbc 
kftrmtliadercbember.Thepclclll~rudaipncdto 
ctmrectmketbemecbmlM~dtheomlkchemk 
myocudiom by oato~ muse= d reghd druna. 
luger kebemic UCP thee ktI aetertm desandiq ocdmbo. 
Fmt,kftvmmicdmmtdke-ckmaedmoreafterkft 
army. Although our method of estimeting the iffbemic zone 
sizemaybe bmczeret% others hwe made simikr obsavetiom. 
In e p@sbtu&m study of 60 canine hearts, Blair (23) shwcd 
that the left cbamfkx ertety is the mast impmtant artery in 
the embte heat& ettpplfing the largest pxtion of the left 
venttkk. Kara et al. (18) eko found I oomewbet greeter 
chmge in eedaystolk volume with I& citcumRrr then kfi 
atteriw dewnding cwxlusiom llterefwe. there is some jw 
titication to believe the1 the displacement in these end-sy-stolic 
ttteas~ may have hem pettly determined by the site end. 
pmbebiy, the eizc of the ischcmk bed. 
TO further chatacterize the detemd~nts of chmge in 
qiatel clartena, the cbmges in left rmttkadar enddkstolii 
and puL systolk ptessures, besclii slop and noniwbcmic 
mddkstolic kngtits were mrrekted with rbe extent of chmp 
in sbpe of these relations. The only predictor of a decrease in 
the slope was the beseline slope. Consistent with obsenxtions 
on md-q%olk pressure-volume reletions (IS). the data 
slmwed that the hffher the b&ii ekstsnce. the krgr its 
sttbseqwd t-&c& with qicetel ischemk (Fii 3 and 4). 
Fin&. the feetme that inRttaee interrnetation of the 
regkeal ;ed-sptalk rektims shmdd be &niwd. Rrvious 
quts on md-systolk pressure-kngth and presswe-thkkness 
rektions have shown &ttast linear rtlotions (IP24.255). 
wlterees o&err (26). ineluding recent repotts horn this kb 
ratmy (I&27), hew slygcrted that tixr rektiotts are more 
likely u) be cwilitteat then linear. Because end-systolic 
ptemtnk#h end pressure-thiiknee daa mre obhined 
aver I rel~kely ttamw raoge ofend-systolk pw.swe& liier- 
ity emttm be prrumed et lower -res. Fat exempk. when 
Qrloph~~dsmd~eemeedegreeofcurvilinenriy. 
kc&t aed tbkkwss intaqts derived by extwoktkn are 
likely to be hidy eaxate eppmximatims of the ~ectwal 
m whereas If the slope is modestly reduced. the potential 
enots butaced by mnpoktiun ere likely tu be krger. 
Fw&mmm, there is evidmee to sugbsst that the pow= 
nttge OWI wldeb dete me miketed may alter ebtstance by 
virtucotio~anIhemmnary~~~u~(M28).To 
cnd.systolii-~ttre-ke-lcngfh and &ca.u~-~hiikness relationr 
Althattgh a sittgk ntemtuemctu cmmt di6ermtiate betwan 
changes tltal arc due to P petelkl shii in tbts rektions 01 
changes in eksbtnee. it &es relkc~ the extent of dispkcemenl 
of these relations over e simikr pressure rqe. A simikr 
lppMeh w mx.ttlly adopted by Avemma and Merino (28) 
to desmii the ebmges in the er&y.Me pressuratltiikncrs 
nktim during regiwtal i.whemk. When the data m-e vimed 
from this prspmiw. it appears reason&de to cat&de that 
ate a tlgbwud dkpkremmt of the-ttmdxb& ecd-systolk 
prawn-kqtb r&tim aad a leftward diapkcement of the 
omkdtemk end-syetcdk prrsurre-thkkmsr rektiom. 
Me&a&k comldenQnr. Tlwe em wetal pcaibk 
e#matimts for the ebettgc in these endqtolic nteilsure- 
mutts during regkttel irhemk. Normally, kft wntrkul.ar waU 
stress peek snm after the omet of ejcztion and then declines 
tbmughout the remakdet of systok. The decrease in well 
stress from midckction to end&c&m is Iawlu dctcrmked 
by thx- increase Gt wail tbiekmahnd decree& L left venti* 
uler diameter. The ebilii of the ventricle to unload itself 
during the letter part of ejeetiat is aeeiel to the maktenmct 
of md mechmie f29L Fttt mother wev. the ebilitv of 
oppasing segments to &ad each otl-er d&kg systok ‘(a- 
crease cmswxdmtel diieter) is crucial for the etlkkm 
pcrfomtmce of each segmett~ Howewr. with regioml isch- 
emin. the chacges in left wmkular geometty thrcugbout he 
cerd;ec qle ere likely to iqese a keding pettem that could 
be cuncriwd to be mechmically disadvmtegecms for the 
nonischendc segment. A li!xely sequence d rhe mechmieel 
events during regimeI iscbemia is es !Wws: Uurkg iswcdu- 
mk s)%ok. the mttirchendc segment shortens es the ischemk 
we bulgeb and et some @t during eerly to midejection, 
when this scgntmt hes shortened cmsiderebl:’ and ixbemic 
bulging is maximal. the expxted rapid reduction in well stmss 
during the letter tw-lhb’ds of s$olt is likely to be ettenuated 
because of the inability of the ichemk mea to thicken mG 
decrease :hc cnns.se&l PIKI. limce, it seems My that 
the mmischemk segment is eoupkd .;,ith the ttonfutxtioeing 
ischemic zone in s&h e wty thar the twnischemic segment 2 
required to operate at btcrewd end-systolic dimensions for 
my mttd-s~tolii pressure. the extent of which is determined by 
the size and. probably, the rite of the isxhemk mm. 
Another mechmism worth mnsidering Is that the increese 
in nonischmic thickming and shorkn!ng c&l depre~ end- 
systolk perfotmettce through shortening deeetivatim~ (3021). 
This concept refers to the i&Story &et 011 iostantanmus 
tension of shortening during twitch mntrectiat. Orhem have 
shown (31) that shottening impairs the ptvgressktt of the 
amtnctik pmceta tow-d e given end-+olic point end that 
cndgstolic length and force a-e modulated by the antecedent 
intreeyck mechatdcal events. Be-awe there is mmidembk 
shortening in the nmdschemk region dwkg the iswokmic 
pert of systok, pettkukrly with e large isehemic zone (32). 
shonetdng dwtivation may have played a mk in the de- 
creased end-s@& perfotmmce of these segtttents. 
Bemuse eorotmty petfusicm prersllre hes been shown to 
effect well thkkttess (26,2@, h can be argued tbet tbe redwtimt 
in comnaty ptfuskm pteare dering kchemia would s&t 
s&e. However. Cmiy (33) sbmved that weil thickness ws not 
&cad by euronary p%fusion pressure until i: dezcased 
below B certain aiticei limil(c39 mm !-!!). Furthermore. we 
obtained md-syaolk presswelength and pressure-tbickless 
relation data over very similar kft venttkukr pressure rtlt~gcs 
so that the ptwcclusfon mrottq perfusicn pressures. which 
&W&J eppmximete aonk prersnw. were not markedly dif- 
ferent from the pmbxduskn kvelr. It therefore semts WI- 
likely the1 this m&&m was e major dctemtimnt of the 
chmge in neitisebemic perfomtmcc. 
sfttdy Uedfetiotts. Seveml imitations should k addressed. 
I) Cberacteri?atiotl of regiottel performmce by tile end- 
systolk preiwe-length and pressure-tbkktesc rektkm is 
limited bccawe thee relatiole have been sbmvn to be only 
relatlMly load-independent meawes of petioormaoa in nor- 
mal, ~raehmnous comractb~g beans, where changes in left 
ventricular prcsun arc dbccdy rciatcd ta ~lteadons in ~b 
,&lnsl Icad or wall stress. When left vemricrlar pmeby 
champs during qional ischemia, the 14ati.m betwa wall 
sbcss and kft wMtiC”lar presswe pmbabiy aim cbanm. 
Tbwefon, dwwibing these meawes as indexes of regtonal 
wntr&ili~ikstavuidcd,andtbeyshwldkvimcdar 
measures of endqstolk shmtening and thkkcnlllg that bra= 
paate * meas”rc of aftodoad (kft vcnhicular pruaurs). 
Becaw.c there BIT cunently no other accurate snd validated 
methods to measure regimml wall stras (34X the endiyrmlic 
perrwe.!engtb and pressure-thiiess nbitiolg remain uaid 
and reprcdwible desaiptorr of tegional ad-tyaolk pator- 
mrmcc. 2) Another llmltatlon d tbir t.tudy may be that we 
obtincd cm-syatolk prcraun-kngth and pn%mwtbkkne~ 
data by defining er&ystok I coincidbtg with end-cjcctkn. It 
hS teaI rhnva (H-13) that tbe eiukGyatallc pmsure.lcagch 
and presswethidutear nlatimts, ds6ned horn m-mmk 
at end&Uon, cum be used 81 ackquate dariptom of m- 
giottal myowdkl prfomwce if they are cansmuM from 
data aver a simikr prgsure mange. 3) We did IIM syaematically 
characterize the potentill irdbmnce that changes bt the dk- 
stalk behavior of tbc nonkcbcmk segment may hove M thcrc 
regional relatiom. We did con&c tbc extent ofcbange in the 
enddkstolk kngth of the nollizcbemic region and &age bt 
end-dknolii pressure with the cbmlger in rlopc, tat thw 
changes did not predict the azent ofcbangc in these regiattnl 
mraswe8 of perfwmwe. 4) Tblha &as of ischemk.induad 
?.tdamkrctlcxaaivationontheen~ipcrnrrahielneol 
andpranuplengb&tiihannotbemrrrcrscdAltbutgb 
thiimayhcadeficknyinthedesigooftbkerqialmatt,ahers 
(lft)havcsbmwtthrdtbo&pedccnaswitbmgbmali&mk 
ewnaftermdoricntkblo*sdcwi(bhaurmhoaiur 
ccxvkalMllo(mny..ally,tbofmdiidtbk~~were& 
tained in open chest dogs and may have dBed in ctus+d chat 
anbnak. 
Cntbttdmta. ‘Ibz ptwnt data indicate that the nrpome 
of the nonkcbemk inyasrdium to rcgiotml Mtemk k more 
mmpkx than previously thou&t. In wntmst to the bwcns~ 
In shortentog and thkkening in the no&hank zone, the 
c-ndqtiic perfommaoe dewcurd. Tbc decrease in end- 
8ystolk porfommnee appeared to be dependent on the she and 
pmbablj the 8iz.z d-the irhemic ad. This ah@ sbmdd 
wide further insinhts into the reeiotttd ami nlobal .waueke 
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